ISOLATION AND STRUCTURAL ELUCIDATION OF AN ANTIOXIDATIVE AGENT, NAPHTERPIN
Sir:
Active oxygen species cause a variety of diseases such as inflammation, autoimmune disease, diabetes, rheumatism, cardiovascular diseases and cancer-initiation1>2). Thus, it could be expected that antioxidative agents may prevent these diseases. We have screened antioxidants of microbial origin by employing the Yagi method after minor modification using rat liver microsome free from vitamin E3). As a result, we succeeded in isolating a new antioxidative agent, named naphterpin. In this paper, we report the fermentation, isolation and structure determination of naphterpin. The producing microorganism Streptomyces sp. CL190 was isolated from Ishigaki Island, Okinawa Prefecture, Japan. It was inoculated into test tubes containing 12ml of the seed mediumconsisting of glucose 2.5%, soybean meal 1.5%, dry yeast 0.2% and CaCO3 0.4% (pH 6.2, before sterilization). After incubation at 27°Cfor 2 days on a reciprocal shaker, an aliquot of the broth (2ml) was transferred into 500-ml Erlenmeyer flasks each containing 100 ml of the samemedium as the seed culture and incubated at 27°C for 2 days on a rotary shaker. The fermentation broth (600 ml) was transferred into a 50-literjar fermenter containing 30 liters of the same medium, and cultivation was carried out at 27°C for 28 hours with agitation 400rpm and aeration at 30 liters per minute.
The mycerial cake collected by centrifugation from the whole fermentation broth (60 liters) was stirred with 10 liters of acetone. The solvent extract wasconcentrated in vacuo to a small volumeand active materials were extracted twice with each 1 liter of ethyl acetate. The separated organic layer was dried over Na2SO4and concentrated in vacuo.
The oily residue was applied to a silica gel column APR. 1990 (5.0 x 30.0cm) packed with a mixture of n-hexane and ethyl acetate (4 : 1). confirmed by long range^^H COSY. The linkage of the cyclohexene ring with a gem dimethyl group will be explained later. The naphthoquinone moiety was analyzed by utilizing two and/or three bond 13C-1H couplings observed in the heteronuclear multiple-bond correlation (HMBC)7'8). The methyl proton (2.15ppm) at C-7 (117.2ppm) was coupled to C-6 (161.5ppm), C-7 and C-8 (162.6 ppm). Based on the 13C chemical shifts, C-6 and C-8 were assigned to phenolic carbons. The phenolic hydroxyl proton 8-OH (12.20ppm), which was hydrogen-bonded with a quinone carbonyl, was coupled to C-7, C-8 and C-8a (107.9ppm).
Another phenolic hydroxyl proton 6-OH (8.25ppm) showed couplings to C-5 (108.4ppm), C-6 and C-7. These aromatic carbons were accommodated in a l,3-dihydroxy-2-methyl-5,6-disubstituted benzene system by analyzing 13C-XH long range couplings observed with 5-H (7.31 ppm) in the HMBCspectrum. Thus, 5-H was coupled to C-8a, C-4a (131.4ppm), C-6 and C-7. In addition, 5-H proton was coupled to C-4 (1 84.8 ppm, quinone carbonyl carbon). By taking into consideration these relations and UV spectral data (vide supra), a structure for the naphthoquinone part of naphterpin was determined as shown in Fig. 2 . The structure of the cyclohexene ring moiety of naphterpin ( Fig. 1) was extended by HMBCspectral analysis; the methyl proton 17-H (1.51 ppm) was coupled to three carbons, i.e., a methine carbon C-14 (39.7ppm) contained in the cyclohexene ring, a quaternary oxycarbon C-1 5 (80.8 ppm) and a methyl carbon C-18 (25.1 ppm). Likewise, another tertially methyl proton 18-H (1.34ppm) was coupled to C-14
and C-15 in addition to C-17. These NMRspectral carbon C-2 (153.5ppm). Since four oxygens out of five oxygens in naphterpin had been assigned to the 1,4-naphthoquinone nucleus as described above (Fig. 2) , C-2 and C-15 had to be connected by an ether bond as shown in Fig. 1 .
Since^C-1!! long range couplings from the methine proton 9-H to the carbonyl carbon C-4 or C-l could not be observed, the linkage of the two portions of the molecule shown in Figs. 1 and 2 remained unclear. Thus, the complete structure was determined by an X-ray analysis as shown in Fig. 3 group P212121 with one molecule of composition C21H22O5forming the asymmetric unit. A total of 1,467 unique reflections with 26 < 1 14°were collected using Cu Ka radiation and 26-6 scans. Of these, 1,371 (92%) were judged observed after correction for Lorentz, polarization and background effects. The structure was solved using direct methods and refined by full-matrix least-squares techniques to a conventional crystallographic residual of 0.041 for the observed data. Crystallographic parameters have been deposited with the Cambridge Crystallographic Data Center. The results of the X-ray analysis are given in Fig. 4 , a computer generated perspective drawing of naphterpin. IC50 of naphterpin for the assay system employed in this experiment was 5.3 /zg/ml, while vitamin E was 9.4 jug/ml. Naphterpin showed no antimicrobial activities against Bacillus subtilis IAM 1026, Escherichia coli NIHJ, Candida albicans IAM4905 and Pyricularia oryzae NIAES at the concentration of 1 ,000 jug/ml.
Addendumin Proof
The absolute configuration of naphterpin has been established as shown in Fig. 3 by X-ray analysis of its monobromoacetyl derivative.
